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PREFACE

This repott was prepared by Mr, D.C. Leggett (Research Chemist), Di. R.P, Murmann
(Reseateh Chemist), Mr, T.F. Jenkins, Jr. (Research Chemst), and SP R. Barnera of the
Research Division, U.S, Ay Cold Regions Research and Engineering Laboratory (USA
CRREL).

The work was supported by U.S. Army Mobility Equipment Research and Development
Commsand, under DA Task A1J22000002,

This report was technically reviewed by Captain P. Hunt, Mr. J. Cragin, and
SP M. Herron.

The contents of this report are not to be used for advertising, publication, or pro-
motional puposes, Citation of trade names does not constitute an official endorsement or
approval of the use of such commercial products,
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A METHOD FOR CONCENTRATING AND DETERMINING :
TRACE CRGANIC COMPGUNDS IN THE ATMOSPKERE

by

D.C. Leggett, R.P. Mwrmann, T.F. Jenkins, and R, Barriera

8 INTRODUCTION

The development of trace gas sensors for detecting explosives and mines is of military
significance. The development of these devices requires knowledge of the types of probable
background contaminants that can interfere with the detection. Towatd this end the authors
have undertaken the development of methods for the znalysis of trace orgunic compounds in
the atmosphere, since this is the medium in which these detection devices are required to
work.

LYPRNTI

Ak SV 2oy

N SO TR

Few data are available on the distribution of trace organic compounds iz the unpolluted
atmosphere, primarily because detection and measurement of these compounds at the levels found in
unpolluted atmospheres requires sensitivity beyond the range of most commercially available in-
strumentation. For example, direct analysis of organic compounds by gas chromatcgraphy using
flame ionization detectors is sensitive only to about 1 ppb.

T T s 2

Thus, the analysis of remote atmospheres for trace organic compounds required special inlet i
systems that enabled the compounds to be concentrated from several hundred milliliters of air before
analysis.® Even with prior concentration the levels observed were barely detectable. In fact, con-
centration techniques have generally been needed to measure hydrocarbons even in relatively
polluted urban environments,! 2 7 1 18 @

Typical concentration techniques have used cryogenic trapping of the trace organic compounds
by a solid or liquid-coated chromatographic support.? * < ** However, water vapor is also retained
by this procedure. This poses a problem for chromatographic analysis and generally restricts the :
size of the air sample to a few hundred milliliters, 2

Procedures used in this laboratory for analyzing air samples in the presence of large amounts :
of water were described in earlier reports,** ** * The trace organic compounds in 3 liters of air were :
trapped cryogenically on glass beads and eluted later at elevated temperature onto a Porapak Q
column, Water did not interfere in this process but resolution of the complex mixture of trace com-
pounds found in the air samples was inadequate.

Removal of water by passing the air samples over desiccants before cryogenically trapping the
trace compounds is a useful technique'* * but is not applicable to some classes of compounds be-
cause of adsotptive losses .

Sample collec.ion in remote environments is also a pr_oblem because it is often inconvenient to
perform on-site analysis, ‘The collection of samples in temote areas for later laboratory analysis
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CONCENTRATING AND DETERMINING TRACE ORGANIC COMPOUNDS IN ATMOSPHERE

tequires a source of refrigerant if concentration is to be done w the field, or some type of con-
tainer if whole ait samples are (o be returned to the laboratoty. In any case, care wust be taken to
preserve sample teginty during the time between collection of the sample and analysis.

Porous polymers such as the Porapaks and Chromosorb 100 series appirently have not been
used extensively as adsorbants for concentrating organic compounds from large volumes of ai,
despite theit unique sunitability, The analysis of halogenated hydiociarbons w a contaminated
atmosphere by ditect concentrittion on a Porapak Q colman has been described.® More recently,
Chiromosorb 102 was used tor concentrating valatile organic compounds fiom polluted atmosphenc
simples.® However, no quititative datez were repoited,

This 1eport describes a method tor acquiring and concentrating trace organic compounds in te-
mote atmospheres., Tlas method is illustrated by the determuation of volatile organie cowpoun’.s
in a rutal atmosphere at sub-ppb levels, By drawing an air siample thiough a tube containing
Potapak Q-S, the organic compounds m large volumes of air ate collected withowt using refrigerants,
The swall amounts of water retained by the adsorbant are completely removed by flushing the
rollection tube with diy helivan before analysis of the sample, enabling the trace organic compounds
to be determined by gas chromatography wathout interference from water. Finally, although this
method is desigued to determine trace gases i the atmosphere it will undoubtedly be usetul for
many other vapor analvsis problens.

EXPERIMENTAL

Materials and equipment

Sample collection tubes were made from Y2-15.-OD 316 stamless steel tubing and valves that
had been cleaned with acetone and chlorotorm. The tubes wete filled with 2.0 g of Water Associates’
100- to 120-mesh Porapak Q-S adsorbant, and the valves wete connecied to the tubes with Swagelok
nuts and Teflon fertules. The packing was retamed by silanized glass wool. The tube-valve
assemblies wete cleaned betote and alter they were filled with the adsorbant by baking them at 100 C
with a helium flow of £0 ml/min unt1] they were shown to be ¢lean by a blank tun on a chromatograph
with a flame ionization detcctor operated at 8 « 107 amp/tull scale. Forty-eight hours was generally
sufficient bakme time.

The Perkin-Elmer 900 gas chromatograph used in this work was modified to accommodate a spe-
cial nlet system shown schematically in Figure 1, The sample loop, an 8-in. by ‘,-in. stainless steel
U-tube partially f1lled with 100- to 120-mesh Anakrom ABS coated with 15% DC-200 silicone oil,
was connected to a two-way Carle microvalve. Precision Sampling L-pattern capillary valves were
placed between the U-tube and the ncrovalve so that the loop could be isolated. The entire inlet
system except for the sample loop was enclosed in an oven.

Preparation of collection tubes

The tubes used in this study were baked out immediately hefore being used and were analyzed
immediately after the samples were collected. This precaution was taken to mnimize the possibility
of vontamination serjously affecting the results at the extremely low levels of volatile compounds
heing measuted,

Recent work has shown that with time the tubes become slightly contaminated even though no
leiaks around the tube fittmgs can be detected. This miy be the result of degradation or diffusion
processes occuttg within the tubes that are not vee understood.  Any leaks around the fittings
produce sizmfieant contammation unless precautions are taken to protect the tubes trom the atmos-
phere. Also, cite must be taken to prevent the temperature of the tubes from nising much above
110 C dunng the analvsis; othetwise, sigmficant amounts of contammnants will be produced.
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g Figure 1. Schematic diagram of sample elution and injection svstem. a. Helium 4

2 ““zero”’ gas cylinder. b. Filter containing molecular sieve and silica gel. c. Sam-

ple collection tube containing Porapak Q-S adsorbant. d. 2-position microvolume 3

3 valve (Carle). e. L-pattern microvalve, f. U-tube containing 15% DC 200 silicone ;

- oil on Anakrom ABS (100- to 120-mesh). b

Sample collection 3

Samples were collected in the field by drawing air through the collection tubes with Welch 3

Scientific Co. bicycle-type hand pumps having a displacement of about 400 ml. The pumps were

calibrated before field use by water displacement. In the laboratory, samples were generally taken ) E

; with a Gast portable electrical vacuum pump. The rate of the pump was calibrated with a soap-
p bubble flow meter.
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4 CONCENTRATING AND DETERMINING TRACE ORGANIC COMPOUNDS IN ATMGSPHERE

Varying the rate of sample collection from 100 to 1000 ml/min did not significantly change the
collection eificiency and gave the same results as the hand pump. Therefore, collection efficiency
was considered to be complete up to the point at which a given compound began to elute (break-
through volume), This volume varies according to the retention characteristic of the compound. In
general, compounds of C, and larger were quantitatively adsorbed from a 10-liter air sample taken
at 25°C. The breakthrough volume for compounds eluting earlier was determined by preparing a

curve of observed concentration versus sample size while sampling the air in a Iarge room, a rela-
tively constant source.

Analytical procedures

After the sample was collected, the tubes were connected to a regulated source of helium and
flushed in the direction in which they were collected for 30 min at a flow of 50 ml/min at ambient
temperature (~25°C). This procedure removed residual water as well as early-eluting compounds
including C,-C, hydrocarbons. The sample was eluted into the sample loop by backflushing the tube
with helium at a fiow of 50 m}/min for 30 min. During the elution cycle the temperature of the oven
was maintained at 110°C and the sample loop was cooled with liquid nitrogen. After the sample
was eluted the loop was isolated and heated to 190°C; the two-way valve was rotated to the “‘inject’

position and the microvalves were opened in sequence, sweeping the contents onto a chromatographic
column,

The column chosen for this work was a 9-ft x %-in, stainless steel tube filled with Waters
Associates’ Durapak, Carbowax 400 chemically bound to Porasil C. The cclumn material was washed
with acetone and dried in a vacuum at 80°C before the column was filled. The washing was important
to obtain maximum resolution of sample components and minimal column bleed. However, this proce-
dure somewhat changed the retention characteristics of the column. It is thought that some of the

Carbowax was removed by this washing, exposing more adsorption sites on the solid. (Acetone
elutes after toluene on this column.) The analytical conditions are given in Tables I ard 1I.

The effluent from the column was either fed into a flame ionization detector or split between the
flame and a pulsed electron capture detector., In the latter case the signals were recorded simulta-
neously on a Leeds and Northrup dual-channel millivolt recorder with a disk integrator, Peaks from
the flame detector were integrated and converted to concentration using weighted response factors.'?
The response of the flame detector was determined by petiodic injections of 0.5 i1 of n-heptane.
Sample components were identified by comparing their 1etention times with those of known com-
pounds. Electron capture peaks were not quantitated.

-

RESULTS -AND DISCUSSION

Tables I and Il show the results of representative analyses of 10-liter air samples from rural
Grafton County, near Lyme, New Hampshire, taken in May and June 1971, ldentifications are
tentative since they were determined on only one column. Other liquid phases could have been used
to confirm the presence of particular compounds, but the main purpose of this study was to evaluate
a technique and not to rigorously identify individual compounds. However, most of the organic

compounds tentatively identified have been reported in atmospheric analyses made by other investi.
gators,? $ #1 1118 17 20 31 23

Most of these compounds are found in vehicle exhaust, which undoubtedly was & major source
¢! atmospheric contaminants ouserved in this study. Otber sources of atmospheric hydrocarbons
include soils and vegetation* !’ ** ** and natural gas and gasoline vapors,' ** ¥ * Organic compounds
containing oxygen are probably derived largely from natural sources such as vegetation in remote
areus.’ In more polluted areas, vehicle emjssions may contribute significant amounts of oxygen-
ates.' * *° Volcanic emanations have been found to contain hydrocarbons and oxygenates as well as
halogenated compounds, presumably derived from pyrolysis of oiga:ic matter at the source,’*
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' ]
1 Table I. Clromatogram of 10-liter air sample,* Gr2fton County, New Hampehire, 19 May 1971, i
f %
3 Retention time Concentratiot. 1
3 Compound (min) (ppb) §
3 isobutane 8.3 0.10 |
3 unknown . 6.6 H
. n-butane 8.7 0.53 5
d 1-butens and isobutene 7.2 0.12 3
3 2-butene, trans 7.4 0.15 b
$ 1, 3-butadiene 7.9 0.08 ;
3 butyne and dimethylpropane 8.3 0.01
2 2-methylbutane 9.1 0.42 i
E n-pentane 9.6 0.29 3
»;— 2-methyl-1-butens 9.7 0.01 f
E 1-pentene 9.9 0.01 p
3 2-pentene, trans 10.1 0.03 H
A 2-pentene, cis 10.4 0.03 i
3 2.methyl-1,3-butadiene 10.6 0.01 3
g 2,2-dimethylbutane 11.2 0.02 :
i 2-methylpentane 1.7 0.30 g
A 3-methylpentane and methylcyclopentane 11.8 0.21 4
. n-hexane 12,0 0.25 2
- unknown 12.4 E
. acetaldehyde 13.1 1 ¥
unknown 13.4 H

3 2,2 dimethylpentane 13.7 0.01 4
-3 benzens 13.9 0,63 3
k' tnchloroethylene 14.1 1]
s 3 n-heptane 14.7 0.02 :
e unknown 15.0 1
i unknown 15.2
N unknown 16,7 4

- unknown 18.1 )
unknown 16.3 3

, toluene 16.8 0.54 3

; unknown 17.8 b
3 acetone 18.1 2.6 5
ethylbenzene 20.6 0.10

' 7 m and p-xylene 21.3 0.24 3
3 o-xylene 22,3 0.34 3
4 unknown £3.8 i
3 *Column: 9-ft x %-in. Carbowax 400 Durapak: temperature programmed from ;
" 3 -15°C to 130°C at 10°/m; carrier gas: helium &t 20 ml/min; detector: flame 3
2 fonization. g
tNot determined because of high background interferense. :
.~ Electron capturing compounds, again identified by their retention times on the Carbowax column,
are Meted in Table ItI, Except for carbon disulfide, these compounde are halogenated hydrocarbons,
all of which are commonly used industrial chemicals; this probably accounts for their ptesence in the |

3 atmosphere.’* ** ‘These compounds would not have been observed if flame jonization detection alone 1

’ had been used, because the chromatographic peaks wete cbscured by the flame respotise to hydio- j
A carbons eluting at the same time as these compounds or wsre below the detection limits of the flame ¢
X (ahout 1 part in 10* or less in this work). The advantage of using the alectron capture detector is R
b *
, ;

A e = iﬁ
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6 CONCENTRATING AND DETERMINING TRACE ORGANIC COMPOUNDS IN ATMOSPHERE

Table If. Chromatogram of 10-liter air sample,* Grafton County, New Hampshire, 9 June 1971.

TR ¥ M) “‘L.u_\.'.:).u. i

Retentson time Concentration é
Compound {min) (pph) |
- 3
1sobatane 6.6 0.01 ‘:
n-butane 6.9 vt ¢
Z.butene, trins 7.6 0.09 f
Z2.methyltutane and Freon 11 9.3 0,351 )
ne-pentane 9.6 0.18 3
Z-methyl-1-butene 9.8 0.003 3
1-pentene 10.0 0 02 i
2.pentene, trans 10,2 0.08 :
2.methyl-2-butene 10.3 0.00056 :
2.pentene, c1s 10.5 0.04 /%
Z.methyl-1,3-butadiene 10.7 0.19 g
2,2-dimethylbutane 11.3 0.02 4
Z-methylpentane und Freon 113 11.8 0.12e0 é
d-methylpentane and methyleyclopentane 11.9 0.09 3
n-hexane 12.1 0.06 gi
acetaldehyde and tetrachloromethane 12,9 tt g;
benzene 14.5 0.13 H
trichloroethylene 14.2 tt 2
n-heptane 14.9 0.1 i
tetrachloroethylene 15.3 weo 3
unknown 15.4 b
unknown 16.7 ;
unknown 15.8 3
unknown 16.0 b
unknown 16.4 ‘f
unknown 16.8 5
toluene 16.9 0.09
unknown 17.4 i
acetone 17.8 1.7
unknown 17.9
unknown 19.3
ethylbenzene 2G.6 0.08
unknown 21.8
unknown 23.2

*Column: 9-ft x ‘jn. Carbowax 40V Durapak: temperatuse programmed from
~15°C o 130°C at 10°/m; carrier gas: hehum at 20 ml‘min; effluent from the
column was split (4:1) between a flame and a pulsed electron capture detector
with purge of 50 ml/min of argon — 5% methane added between column and detector.
tAs 2.methylbutane.

**As 2.methylpentane.

t1Not determined because of high background interference.

¢*sElaztron capture peak not determined.

[T NUIKE S N3 JUNTRRR I INT SRPRyye WEvE SV SUP LY WG L R 20y

that it affords a high degree of specificity; that is, it responds to small amounts of certain types of <
compounds such as halogenated hydrocarbons without interference from relatively latge amounts of
hydrocatbons and oxygenates (e.g., see ref, 23),

SUMMARY

A method was developed for the detection and estimation of volatile otganic compounds in the
atmosphere in the sub-ppb range. Trace substances were concentrated from large volumes of air by

. P Y LNy v gy
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CONCENTRATING AND DETERMINING TRACE ORGANIC COMPOUNDS IN ATMOSPHERE

Table II. Electron capturing substances identified in atmospheric samples from rural

drawing the sample through a tube containing Porapak Q-S adsorbant. Residual water was removed
from the sample by flushing the tube with dry helium before backf{lushing the trace compounds at
elevated temperature into a cold trap. The trap was then heated and the contents were flushed into
a gas chromatograph. A tube packed with 2 g of 100- to 120.mesh Porapak Q-S was sufficient to

Grafton County, New Hampshire, May and June 1971

dichlorodifluoromethane {Freon 12)

carbon disulfide

fluorotrichloromethane (Freon 11)
1,1,2nchloro-1,2,2-trifluoroethane (Freon 113)
tetrachloromethane

trichlorocthylene

trichloromethane

tetrachloroethylene

completely adsorh hydrocarbons of Cs and larger from a 10-liter sample of air taken at 25°C,

This method was applied to the determination of trace compounds in rural atinospheric samples.
Probable sources of these compounds included vehicle exhaust, bivlogical processes, and industrial

chemicals.

I
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